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Introduction {#ehf212655-sec-0004}
============

Heart transplantation (HT) is the preferred treatment option for patients with refractory stage D heart failure. Despite cardiac (cardiac allograft vasculopathy) and non‐cardiac barriers (infections and malignancies) to long‐term survival, outcomes of HT recipients continue to improve steadily over the past 30 years with 1‐year survival exceeding 85% and median survival of 11 years for adult recipients.[1](#ehf212655-bib-0001){ref-type="ref"} The observed improvements in survival of HT recipients is due to better donor and recipient selection, advances in immunosuppression, development of multidisciplinary transplant teams, and prompt identification and treatment of cardiac and non‐cardiac complications. However, the ongoing shortage of donors is the main barrier to HT; hence, wait‐list mortality remains a problem despite a decline in wait‐list mortality since 2005 because of the use of left ventricular assist devices (LVADs).[2](#ehf212655-bib-0002){ref-type="ref"}, [3](#ehf212655-bib-0003){ref-type="ref"}

According to the three‐tier donor allocation system prior to October 2018 created by the United Network for Organ Sharing (UNOS), status code 1A is designated for listed candidates requiring mechanical circulatory support (30 days after LVAD implantation or with LVAD malfunction and complications such as thromboembolism, infection, ventricular arrhythmias and aortic regurgitation, total artificial heart, and temporary mechanical circulatory support), continuous mechanical ventilation, or continuous infusion of multiple inotropes in addition to haemodynamic monitoring.[4](#ehf212655-bib-0004){ref-type="ref"} As of 18 October 2018, a new allocation system became effective[5](#ehf212655-bib-0005){ref-type="ref"} aiming to reduce wait‐list mortality, to limit the number of exemptions to high priority statuses, and to ensure fair allocation of organs to the sickest candidates. The prior status 1A is now divided into three new statuses 1, 2, and 3.

HT is an option for patients with adequate health insurance coverage. A significant number of patients have public insurance (Medicare or Medicaid), and these programmes are crucial for eligibility to HT and post HT care for those candidates that cannot afford private insurance programmes. Although access to public health insurance is critical for vulnerable populations, earlier studies have raised concerns about higher mortality, rates of rejection, and decreased graft survival with Medicare/Medicaid compared with private insurances[6](#ehf212655-bib-0006){ref-type="ref"}, [7](#ehf212655-bib-0007){ref-type="ref"}, [8](#ehf212655-bib-0008){ref-type="ref"} not only for HT recipients but also for other solid organ transplant recipients.[9](#ehf212655-bib-0009){ref-type="ref"}, [10](#ehf212655-bib-0010){ref-type="ref"} Transition from private to public insurance after HT is also associated with worse outcomes whereas transition for private insurance is related to improved outcomes.[11](#ehf212655-bib-0011){ref-type="ref"} Potential adverse impact of public health insurance on outcomes post HT is attributed to limited access to post‐transplant care and limited coverage of immunosuppression therapy.[12](#ehf212655-bib-0012){ref-type="ref"}

The characteristics and outcomes of continuous‐flow LVAD recipients listed as status 1A based on insurance status are not well described. Therefore, we used a multicentre nationally representative data set to (i) evaluate the incidence of HT among different insurance types, (ii) evaluate the reasons for list removal, and (iii) assess mortality on the waiting list among adults with LVADs listed as 1A status for HT.

Methods {#ehf212655-sec-0005}
=======

The UNOS database registry follows all prospective candidates listed for organ transplantation, documenting any change in status and date of any transplant. The registry records additional clinical information at the time of transplant and continues to follow the recipient post transplant. Registry data include standard demographic, clinical, and laboratory information at the time of listing, as well as the patient\'s priority to receive an organ, known as the UNOS status.

Candidates ≥18 years of age with an implanted LVAD and 1A status for heart transplant from January 2010 to December 2017 with follow‐up through March 2018 were included. These patients were grouped into the following categories based on type of insurance at time of listing: private/self‐pay (PV), Medicare (MC), and Medicaid (MA). Among 109 183 patients listed for HT during the study period, we excluded patients less than 18 years old (*n* = 9176), those who underwent transplantation before 2010 (*n* = 48 774) as they were more likely to have a first generation pulsatile flow device, those not in status 1A (*n* = 43 756), and those in status 1A not supported by a durable LVAD. Patients with other forms of insurance status including foreign government payment (n = 94) were excluded from the study.

The main outcomes were cumulative incidence of heart transplant, mortality on the waiting list prior to heart transplant, and removal from the waiting list prior to transplant because of clinical deterioration or improvement such that transplant is no longer appropriate.

Statistical analysis {#ehf212655-sec-0006}
--------------------

Patients were classified based on insurance status at listing into private/self‐pay, Medicare, and Medicaid. We compared baseline characteristics between the three groups using *χ* ^2^‐test test for categorical variable and Kruskal--Wallis test for continuous variable. Reasons for removal from waiting list were reported as percentages after stratification by insurance status. We then evaluated the association between insurance status at listing and two pre‐specified outcomes---mortality and transplant---in separate analyses. Because the occurrence of one of the outcomes will prevent the other from manifesting, we accounted for this by use of competing risks regression, according to the model of Fine and Gray. Variables that were adjusted for include age, gender, race, body mass index, diabetes, prior cardiac surgery, dialysis‐dependent, cerebrovascular disease, and presence of an implanted defibrillator. For transplant analysis, occurrence of mortality prior to transplant was included in the model as a competing event and vice versa. All analyses were performed using STATA 15 (StataCorp, College Station, Texas) with level of significance set at 0.05.

Results {#ehf212655-sec-0007}
=======

We identified a total of 2604 adults (PV: 51.4%, MC: 32.1%, and MA: 16.5%) with an LVAD listed as 1A status for HT from January 2010 to December 2017. The patient characteristics are presented in *Table* [1](#ehf212655-tbl-0001){ref-type="table"}. MA patients were younger (43.5 vs. 56.4 for MC vs. 51.5 for PV, *P* \< 0.001) and less frequently White (38.69% vs. 60.76% for MC vs. 68.15% for PV, *P* \< 0.001). MC patients were more likely to be male patients (80.50% vs. 74.13% for MA vs. 77.70% for PV, *P* = 0.03) and diabetic (38.88% vs. 24.01% for MA vs. 28.15% for PV, *P* \< 0.001). They were more likely to have an implantable cardioverter defibrillator (84.62% vs. 68.24% for MA vs. 68.14% for PV, *P* \< 0.001) and prior cardiac surgery (60.05% vs. 50.58% for MA vs. 51.26% for PV, *P* \< 0.001).

###### 

Baseline characteristics of left ventricular assist device patients listed as status 1A according to insurance type

  Patient characteristics       Private (*n* = 1339)   Medicare (*n* = 836)   Medicaid (*n* = 429)  *P* value
  ---------------------------- ---------------------- ---------------------- ---------------------- -----------
  Age, mean (SD)                    51.5 (12.4)             56.4 (1.4)            43.5 (12.9)       \<0.001
  Male, %                              77.70                  80.50                  74.13          0.03
  White, %                             68.15                  60.76                  38.69          \<0.001
  BMI                                27.5 (5.0)             28.7 (5.0)             27.9 (5.6)       \<0.001
  Diabetes, %                          28.15                  38.88                  24.01          0.00
  Cerebrovascular disease, %            5.85                   7.60                   6.31          0.27
  ICD, %                               68.14                  84.62                  68.24          0.00
  Dialysis dependent                    4.59                   2.85                   4.66          0.10
  Prior cardiac surgery, %             51.26                  60.05                  50.58          0.00
  Mean PAP                          28.9 (10.7)            28.4 (10.6)            28.5 (10.5)       0.52
  Mean PCWP                          19.8 (9.6)             18.4 (9.4)            18.9 (10.0)       0.01
  Cardiac output, L/min              4.5 (1.5)              4.5 (1.3)              4.5 (1.4)        0.44
  Total bilirubin, mg/dL             1.0 (1.6)              .94 (1.1)              1.1 (1.9)        0.77
  Creatinine, mg/dL                  1.3 (0.81)             1.3 (0.77)             1.2 (0.59)       0.00
  PRA class 1, %                       31.77                  31.92                  38.22          0.28
  PRA class 2, %                       23.29                  24.43                  31.41          0.11

BMI, body mass index; LVAD, left ventricular assist device; PAP, pulmonary arterial pressure; PCWP, pulmonary capillary wedge pressure; PRA, panel reactive antibodies; SD, standard deviation.

Median time from LVAD implantation to listing was 132 for PV, 232 for MC, and 157 for MA, and median time to transplantation was 251 days for PV, 353 days for MC, and 297 days for MA. At the time of transplantation, 84% of PV, 87.9% of MC, and 75.5% of MA maintained their insurance type, whereas 11.5% of PV transitioned to MC, 7.7% of MC to PV, and 16.3% of MA to MC (*Table* [2](#ehf212655-tbl-0002){ref-type="table"}). During the study period, the rates of PV decreased from 58% of listed LVAD patients to 46% in 2017. The rates of MC patients increased from 25% in 2010 to 37% in 2017. The rates of MA remained relatively stable and less than 20% from 2010 to 2017. The trends of insurance coverage are depicted in *Figure* [*1*](#ehf212655-fig-0001){ref-type="fig"}.

###### 

Transitions to different insurance types between listing an transplantation

  Insurance status at transplantation   Insurance status at the time of listing                 
  ------------------------------------- ----------------------------------------- ------------- -------------
  Private (*n* = 900)                   828 (84.5%)                               48 (7.7%)     24 (8.2%)
  Medicare (*n* = 710)                  113 (11.5%)                               549 (87.9%)   48 (16.3%)
  Medicaid (*n* = 287)                  38 (3.8%)                                 27 (4.3%)     222 (75.5%)

\% in parenthesis represent percentage of each group at listing. Insurance status was missing for \~28% of the patients at transplant.

![Trends of insurance type from 2010 to 2017.](EHF2-7-804-g001){#ehf212655-fig-0001}

As shown in *Figure* [*2*](#ehf212655-fig-0002){ref-type="fig"}, the cumulative incidence of heart transplant was similar among the three insurance types (PV: 74.8%, MC 76.3%, and MA 71.1%, *P* = 0.14). A numerically higher portion of MA patients were removed from the wait list prior to HT compared with MC and PV (28.9% vs. 23.7% vs. 25.2%, respectively). Multivariate regression analysis suggested that the cumulative incidence of HT did not differ significantly among groups as displayed on *Figure* [*3*](#ehf212655-fig-0003){ref-type="fig"} \[MC: sub‐hazard ratio (SHR) = 1.1, 95% confidence intervals (CI) = 0.98--1.2, *P* = 0.08 with PV as reference; and MA: SHR 0.97, 95% CI 0.85--1.1, *P* = 0.71 with PV as reference\]. With regard to reasons for the removal of 660 patients prior to HT, more patients with MA were removed from the list because of improvement of their condition (MA 40.3% vs. MC 28.3% vs. PV 32.8%), and more patients with PV were removed from the list because of death (PV 29.3%, MC 26.3%, and MA 21.8%; *Figure* [*4*](#ehf212655-fig-0004){ref-type="fig"}). Among PV patients, a numerically lower percentage was removed because of being too sick for HT (PV 22.2%, vs. MC 27.8% vs. MA 26.6%). The cumulative mortality on the waiting list prior to HT was not different among the groups (PV: 29.3%, MC 26.3%, and MA 21.8%, *P* = 0.94; MC: SHR = 0.98, 95% CI = 0.75--1.2, *P* = 0.9 with PV as reference; and MA: SHR = 0.94, 95% CI 0.67--1.3, *P* = 0.73 with PV as reference, *Figure* [*5*](#ehf212655-fig-0005){ref-type="fig"}).

![Cumulative incidence of transplantation among left ventricular assist device patients listed as status 1A.](EHF2-7-804-g002){#ehf212655-fig-0002}

![Rates of patients who were transplanted or removed from transplant list, stratified by insurance status.](EHF2-7-804-g003){#ehf212655-fig-0003}

![Reasons for removal of 660 patients prior to transplant, stratified by insurance status.](EHF2-7-804-g004){#ehf212655-fig-0004}

![Cumulative incidence of death among left ventricular assist device patients listed as status 1A.](EHF2-7-804-g005){#ehf212655-fig-0005}

Discussion {#ehf212655-sec-0008}
==========

The salient findings of this analysis of insurance coverage among LVAD recipients listed as status 1A in the previous allocation system from a nationally representative multicentre database can be summarized as follows: (i) approximately half of these patients have public health insurance coverage (Medicare or Medicaid) with the rates of MC increasing and those of PV coverage decreasing during the study period; (ii) Medicare HT candidates tend to be older male patients with higher body mass index and higher rates of prior cardiac surgery while Medicaid patients were younger and less likely Whites; (iii) more Medicaid patients were removed from the wait list, mainly because their status improved, whereas more HT candidates with private insurance coverage died on the wait list; (iv) overall, the incidence of HT was similar among groups; and (v) wait‐list mortality was not different among the three types of insurance coverage.

Socio‐economic disparities exist among HT recipients and affect outcomes post transplantation. Patients at lower socio‐economic status are more likely Medicare or Medicaid beneficiaries and less likely privately insured.[13](#ehf212655-bib-0013){ref-type="ref"} Furthermore, the recent analysis of UNOS registry on 33 893 adult heart transplant recipients between 1994 and 2014 suggested increased risk of death or retransplantation associated with public health insurance status.[13](#ehf212655-bib-0013){ref-type="ref"} Among patients younger than 65 years, Medicare coverage has increased significantly during the past 20 years to approximately 30%, whereas Medicaid coverage rates have remained stable and private insurance coverage has decreased, similar to the findings of our analysis.[13](#ehf212655-bib-0013){ref-type="ref"}, [14](#ehf212655-bib-0014){ref-type="ref"} The reason for increased Medicare coverage is the eligibility of an increasing number of stage D heart failure patients for long‐term disability benefits (at least 2 years). These data show a concerning signal of worse outcomes in an era of increased federal support for HT. Federal support is also important for LVAD recipients as Medicare and Medicaid consistently contributed to \>50% of total costs of LVAD hospitalizations.[15](#ehf212655-bib-0015){ref-type="ref"} A previous UNOS analysis of LVAD recipients listed for HT between 2004 and 2014 demonstrated that patients at higher socio‐economic status had increased risk of death on the wait list during LVAD support because of higher burden of comorbidities and clinical acuity, but those at lower socio‐economic status had an early and sustained decreased post‐transplant survival.[16](#ehf212655-bib-0016){ref-type="ref"} The consistent evidence of worse outcomes post HT is unlikely due to sicker recipients or inferior quality donor hearts as suggested by previous analyses and confirmed by our findings. Instead, public health insurance coverage of immunosuppression medications may be challenging for many of HT recipients who do not work full time because of disability, as the copayment for these medications is higher compared with anticoagulation used during LVAD support.[17](#ehf212655-bib-0017){ref-type="ref"} Moreover, frequent follow‐up for surveillance of rejection and levels of immunosuppressive medications, optimization of non‐immunologic risk factors for cardiac allograft vasculopathy, and early screening for malignancies can be challenging for patients with limited access to health care and can certainly impact long‐term outcomes.

The finding of worse outcomes with public health insurance was not confirmed by our analysis of status 1A recipients with LVADs. Plausible explanations for this are the following: (i) surgical and post‐implantation outcomes of patients with continuous flow LVADs have improved over time, and socio‐economic status should not be considered as a risk factor for mortality. In fact, in a recent single‐centre study, lower socio‐economic status was associated with decreased risk of death in the unadjusted analysis, and the association became non‐significant after adjustment for clinically relevant comorbidities[18](#ehf212655-bib-0018){ref-type="ref"}. (ii) Socio‐economic disparities are narrowing over time the role of multidisciplinary teams in identifying barriers to health‐care access, and assist with medication coverage has been crucial in the improvement of outcomes after observed in the last 20 years.[19](#ehf212655-bib-0019){ref-type="ref"} iii) Patients at higher listing status often receive the highest level of care and attention with frequent visits and hospitalizations; hence, socio‐economic status may become less of a barrier in these cases. However, the lack of substantial differences in wait‐list mortality and HT incidence does not mean that public insurance coverage does not affect long‐term outcomes post HT. The new allocation system for HT will allow patients in higher clinical acuity status to be transplanted, and these patients may need more health‐care resources during their recovery. Furthermore, the recent increase in HT volume in the United States and the observed trends of increased dependency of HT patients on federal support, especially in younger patients with long‐term disability, mandate scrutinization of enrolment and improved access to public health insurance especially for the sicker HT candidates eligible for higher listing statuses. Also, previously reported barriers to coverage of immunosuppressive medications under Medicare[20](#ehf212655-bib-0020){ref-type="ref"} should be addressed to prevent risk of graft dysfunction from medication non‐adherence.

The findings of our study should be interpreted in the context of certain limitations, including the retrospective analysis design of a registry database, the quality of the source data, and the differences in practices followed in the participating centres. Furthermore, the causes of death on the waiting list and specifics of medical and device therapy of listed patients were not available in the database. Also, patients with worsening condition may have been removed from the transplant list and this can lead to underestimation of mortality.

In conclusion, approximately half of LVAD recipients listed as status 1A have public health insurance coverage, which did not affect the incidence of transplantation and wait‐list mortality.
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